Purpose -A health examination is one of important events for freshmen when they enter a university. Consequently, the quality and time required for the examination are components in any index measuring the service performance of a university. However, performance measure for the health examination with a performance index is comparatively seldom. This paper aims to provide an index to measure health examination performance for freshmen. Design/methodology/approach -A health examination performance index (HEPI) is defined for a university's health examination procedure. To make accurate use of the HEPI in assessing health examination performance, this paper constructs a uniformly minimum variance unbiased (UMVU) estimator of the HEPI using an exponential distribution to develop a hypothesis testing procedure. Findings -Since health examination time exhibits the smaller-the-better type quality characteristic of time orientation, the HEPI is appropriate for evaluating the hospital's performance in providing freshmen health examinations. This study also investigates the relationship between the HEPI and the non-conformance rate of health examination performance, and tabulates the non-conformance rate under the exponential distribution. Originality/value -The proposed testing procedure is easily applied and can accurately evaluate whether the true health examination performance for a hospital meets a university's requirement. It can also be used to select a qualified outsourcing hospital and improve the service provided by the school.
Introduction
Due to the increased importance placed on the global market, customer service quality has become increasingly important. Providing service quality that satisfies the customer is the challenge for today's service industry. To improve customers' satisfaction, numerous scholars have devoted themselves to researching the properties of the service industry in order to increase service quality and performance. Juran (1988) proposed a definition of service as "work performed for someone else." Ishikawa (1990) proposed "services are efficient works that do not produce physical products." Kotler (1988) 
stated:
A service is any act or performance that one party can offer to another that is essentially intangible and does not result in the ownership of anything. Its production may or may not be tied to a physical product.
In addition, LaLonde and Zinszer (1976) pointed out that customer service could be viewed as an activity as an indication of performance levels and as a philosophy of management. LaLonde et al. (1988) defined customer service as:
. . . a process for providing significant value-added benefits to the supply chain in a cost-effective way.
As noted by Dickson (1966) and Weber et al. (1991) , product quality and delivery speed are two major concerns used to evaluate suppliers' performance. Weber's (1991) survey pointed out that quality and delivery time is the two most important factors selecting a supplier. Hence, customers expect high quality service and short service time from today's service industries. Superior service quality is the key to being able to compete with others in the market. Short service time can both enhance the competitive strength and win market share for an advanced service process. All customers dislike waiting in line at the supermarket checkout, at the local bank, or at a fast food restaurant. Adding more checkout clerks, bank tellers, or servers is not always the most economical strategy for improving service performance; however, managers need to determine ways to keep service times within acceptable limits.
Teaching, research and service are three major functions for a university. In addition to nurturing teaching and research quality, improving the service provided by the administrative departments can make the school more attractive to potential students. The teaching and administrative staff and students are the main service customers of an institution's administrative department. The service provided to students includes academic counseling and registration, academic record keeping, personal and career counseling and health services. To prevent the spread of diseases and to provide a healthy environment, the health examination is one of the first required activities for freshmen that enter a university. The time required for the health examination and the quality of such an examination are important in assessing the service performance of a university. A university often has to select a hospital to provide health examination services before freshmen register. In the selection and certification of the hospital, one key issue is the capability of the hospital to provide timely and high quality health examinations. Process capability analysis is a convenient and powerful tool for measuring the process capability and performance. Hence, process capability indices (PCIs) have been developed and used in numerous industries. Many quality engineers and statisticians, such as Kane (1986) , Chan et al. (1988) , Boyles (1991) , Pearn et al. (1992) , Vännman (1995) , Helmut et al. (1996) , Pearn and Chen (2002) have proposed methodologies to assess product/process capability.
In general, the tasks involved in the health examination for a freshman can be divided into the 11 components shown in Table I .
The processing time for each health examination item directly influences total health examination time for a freshman. Health examination time is defined as the total time from beginning item 1 to the completion of item 11. The shorter the processing time of each item implies that the shorter total health examination time and the better the service performance. In this study, a health examination performance index (HEPI, i.e. PCI) is initially defined, and the UMVU estimator of HEPI is derived under the assumption that the service times follow an exponential distribution. This estimator is then used to construct the one-to-one relationship between the HEPI and the non-conformance rate of health examination performance. Finally, an efficient hypothesis testing procedure of HEPI is established. The hypothesis testing procedure allows a hospital to assess whether health examination performance satisfies the customers' requirement. The HEPI can also be used to help a university to select qualified hospitals. A corresponding table of the non-conformance rate of health examination performance is also provided to verify that the hospitals meet the required HEPI.
The rest of this paper is organized as follows. The following section defines and introduces the HEPI under the assumption that service time follows an exponential distribution, and then discusses the relationship between the HEPI and the non-conformance rate of health examination performance. The third section derives the estimator of the HEPI. The fourth section constructs a hypothesis testing procedure for the HEPI. The final section provides a conclusion.
The relationship between the HEPI and the non-conformance rate of health examination performance Generally, health examination time is not constant. Assume that health examination time (X) for a freshman is a random variable. The unit time is expressed in minutes. To improve health examination performance, the time for each examination item is required to be less than U i minutes in order to keep P k i¼1 U i # U , where U is the upper limit for total health examination time. If service quality remains constant, then the shorter examination time represents the better health examination performance. Hence, health examination time is a smaller-the-better type quality characteristic. Montgomery (1991) Testing hearing acuity and color blindness 4
Testing blood pressure 5
Testing visual acuity 6
Recording dental history 7
Recording family medical history 8 Drawing blood 9
Testing urine 10 Examining X-ray 11
Completing and returning the form Table I . Examination tasks and sequence Health examination for freshmen that can be used to evaluate whether health examination performance meets the requirement. S I is defined as follows:
where m denotes the average health examination time, s represents the standard deviation of health examination time, and U is the upper limit of health examination time. Karlin and McGregor (1958) and Hiller and Lieberman (1986) state that service time generally follows an exponential distribution. Since the mean m and standard deviation s are both l in the exponential distribution, then the health examination performance index (HEPI) S I can be written as:
When the mean examination time l # U , then S I $ 0. Conversely, when l . U , then S I , 0. Obviously, the smaller the l, the smaller the m and s is, and the larger S I is. The larger the S I implies that the better the health examination performance. If health examination time for a freshman, X, exceeds the upper limit of health examination time (i.e. X . U ), then the health examination performance is out of control. The probability of being out of control is defined as the non-conformance rate for health examination performance. When the non-conformance rate of health examination performance is high, freshmen will experience some long waiting lines and service quality and performance for this university will decline. This may result in the outsourcing hospital not being selected by this university next year. The non-conformance rate of health examination performance, p, is the PrðX . U Þ. The relationship between the HEPI S I and the non-conformance rate of health examination performance p under the assumption of exponential distribution can be represented as follows:
Clearly, a one-to-one mathematical relationship exists between the index S I and the non-conformance rate, p. Figure 1 represents a functional graph of equation (3), and shows that p is a strictly decreasing function of S I . The larger the index value S I , the smaller the non-conformance rate of health examination performance p and the smaller the probability that freshmen health exams require a long wait. Table II lists various S I values and the corresponding non-conformance rates p for health examination performance. For the S I values that are not listed in Table II , the p values can be obtained through interpolation. The p-value for a university/hospital can be calculated by dividing the non-conformance number of health examination by the total number of sampled freshmen. A smaller p requires a larger sample size in order to estimate precisely its value (see, Montgomery, 1991, for details) . Therefore, utilizing the one-to-one relationship between S I and p, the S I index can be a convenient and effective tool not only for estimating the non-conformance rate p, but also for evaluating health examination performance of a university/hospital. Hence, the HEPI (S I ) value for a university not only can be a measure of performance for administering health examinations, but can also be used to select a hospital to administer the examinations. For example, if a university requires a non-conformance rate ( p) for health examinations is less than 5 percent, then referring to Table II shows an equivalent HEPI of 2.00. If the HEPI exceeds 2.00, then the hospital will be a candidate for performing freshman health examinations.
Estimation of the HEPI
Because the population mean and standard deviation of health examination time for freshmen are generally unknown, they must be estimated in practice. Let X j represents health examination time of the jth freshman, then (X 1 ; X 2 ; . . . ; X n ) is a random sample taken from the exponential distribution with mean of l units of time. If the sample mean X is used to estimate the population mean, l, then the estimated index of S I can be written as:Ŝ 
Clearly, f X (t) is the characteristic function of Gamma (n; l=n), and hence X possesses a gamma distribution with parameters n and l/n. The expectation ofŜ I can then be derived as:
Because E X 21 À Á ¼ n=lðn 2 1Þ, the expectation ofŜ I can be expressed as:
Obviously,Ŝ I is not an unbiased estimator of S I , since EðŜ I Þ -S I . But when n becomes large, EðŜ I Þ approximates S I . Therefore,Ŝ I is an approximate unbiased estimator of S I when n becomes large. Then,Ŝ I can be modified as follows:
Hence,S I is not only the unbiased estimator of S I , but also a function of the complete and sufficient statistic X. Thus,S I is the best estimator (i.e. minimum variance unbiased estimator (UMVU estimator)) of S I (see Appendix 1 for details). Let Y ¼S I , then the probability density function ofS I can be derived as follows (see appendix 2 for details):
Meanwhile, the rth moment ofS I can be derived as follows (see appendix 3 for details):
By the rth moment ofS I , the variance ofS I can be obtained as:
Hypothesis testing procedure for the HEPI Many quality engineers and statisticians simply utilize the point estimates of PCIs calculated from the sample data and then make a conclusion whether a process capability meets the requirement. This approach is not reliable since sampling errors are ignored (Pearn and Chen, 2002) . Hence, taking the sampling errors into account, Cheng (1992 Cheng ( , 1995 , Pearn and Chen (2002) have developed simple but practical procedures for C pu , C pl , and C pk , to assist the practitioner in detecting whether their processes meet the capability requirement. Thus, a statistical testing procedure is needed to objectively assess whether health examination performance meets the required level. Assuming that the required HEPI value for a hospital is larger than or equal to s, where s denotes the target value, then the hypothesis testing procedure for testing H 0 : S I # s (health examination performance is not capable) vs H 1 : S I . s (health examination performance is capable) can be developed. Suppose U is known, usingS I as the test statistic, and the sample mean X ¼ P n j¼1 X=n can be calculated based on n sample observations. Hence, the estimated value ofS I , s 0 , can be obtained. Under the specified significance level a (the producer risk), the p-value of the test statistic,S I , can be obtained as follows:
Let W ¼ n X=l, then W possesses Gamma (n, 1) (see appendix 4 for details). Substituting W ¼ n X=l in equation (12), a statistical software package, SAS can be employed to calculate the p-value as follows:
where k ¼ ðn 2 1Þð1 þ sÞ=ð1 þ s 0 Þ and PROBGAM (k, n) is a cumulative probability which is lower cumulated by k of gamma distribution with n and 1 degree of freedom in SAS. As k and n are known, the studied p-value can easily be calculated.
To let universities/hospitals conveniently assess whether the health examination performance for freshmen meets the required target value (i.e. H 0 : S I # s vs H 1 : S I . s), the proposed testing procedure can be organized as follows (Cheng, 1995) :
Step 1. Determine the upper limit of health examination time U, the HEPI value s and the sample size n.
.
Step 2. Specify a significance level a.
Step 3.Take a sample of size n and calculate the sample mean X ¼ P n j¼1 X=n, then the value of test statistic,S I , which is denoted by s 0 , can be obtained. Step 4. Obtain the p-value by using SAS, according to the value s, sample size n and s 0 value (see appendix 5 for details).
.
Step 5. Compare p-value with a value, and draw a conclusion. The decision rules are as follows: -If p-value # a, we conclude that the hospital's HEPI meets the required target value for a university (or health examination performance is qualified). -If p-value . a, we conclude that the hospital's HEPI does not meet the required target value for a university (or health examination performance is not qualified).
Based on the proposed testing procedure, health examination performance of freshmen is easy to assess. The following example illustrates the use of the testing procedure. To satisfy a university's serious concern regarding health examination performance and service quality, suppose the non-conformance rate of health examination performance p for a hospital is required to be less than 8.2 percent. Referring to Table II , a S I value of 1.5 is obtained. Thus, in step 1, the HEPI value is set at s =1.5. Furthermore, assume that a sample of size n =20 is obtained and U is known. By specifying the significance level a ¼ 0:01 in step 2, the value s 0 of test statisticS I can be calculated from the sample data in step 3. In step 4, p-value is obtained from SAS with specified n, s and s 0 . Finally, step 5 compares p-value with 0.01 and draws a conclusion about the hypotheses. If p-value # 0.01, the university concludes that the true HEPI value meets the requirement or health examination performance is qualified for a hospital. Otherwise, health examination performance for a hospital is concluded to be not qualified. This testing procedure can be easily employed by a hospital to measure its own performance and it can also be useful for a university when selecting a hospital to perform freshman medical examinations.
Conclusion
Since health examination time exhibits the smaller-the-better type quality characteristic of time orientation (Montgomery, 1991) , the capability index S I (i.e. HEPI) is appropriate for evaluating the hospital's performance in providing freshmen health examinations. To utilize the HEPI, S I , in effectively and accurately assessing health examination time under an exponential distribution, some properties of the HEPI, S I , are discussed. This study also investigates the relationship between the index S I and the non-conformance rate of health examination performance p, and tabulates the non-conformance rate of health examination performance under the exponential distribution. Furthermore, a uniformly minimum variance unbiased (UMVU) estimator of S I is derived in this study. The UMVU estimator of S I is then utilized to construct the hypothesis testing procedure. The proposed testing procedure is easily applied and can accurately evaluate whether the true health examination performance for a hospital meets a university's requirement. A university can use this procedure to select a qualified outsourcing hospital. This study also provides a table of the performance index S I with its corresponding non-conformance rate of health examination performance p. Hence, for any specified p, a corresponding S I value can be obtained, and the proposed testing procedure can be expressed in terms of the non-conformance rate of health examination performance. The testing procedure proposed in this paper can also be applied to other activities for a university or hospital. Appendix 3. The rth moment ofS I The rth moment ofS I is derived as follows:
